Evaluation of 0.5% peracetic acid and 2.5% sodium hypochlorite on smear layer removal of root canal instrumented by three rotary systems
IntRoDuctIon
T he irrigant solutions used during biomechanical preparation should display antimicrobial and tissue solvent activity, lubrication and root wall cleaning capacity, enabling a better action of intracanal medication and adequate bonding of the filling material to dentinal walls [1] . Sodium hypochlorite solution, at different concentrations, is one of the most employed solutions in Endodontics because of low superficial tension, capacity of dissolving organic matter, and deodorizing, bleaching, lubricating and antimicrobial actions.
However, during biomechanical preparation, even using proper irrigant solutions and instruments, a residual layer, so-called smear layer, is formed and composed by debris, organic matter and microorganisms adhering to root canal walls, hindering the opening of the dentinal tubules. This layer must be removed with the aid of auxiliary chemical substances [2] , thus resulting in the increasing of the dentinal permeability [3, 4] and greater bonding of endodontic cements to root canal walls [5] .
Many irrigant solutions have been employed to remove the smear layer, such as citric acid, MTAD, phosphoric acid, RC-Prep, maleic acid, sodium citrate, acetic acid [6] [7] [8] , however, EDTA is the chelating acid most used to remove this residual layer. EDTA, when used for a longer time may cause excessive peritubular and intertubular dentinal erosion and decreasing root dentine microhardness [9] [10] [11] .
Peracetic acid is a candidate to be used as alternative irrigant solution. This acid shows antimicrobial activity even at low concentrations [12] . In Endodontics, 2.25% peracetic acid has been recently investigated as final irrigant solution in association with NaOCl [13] . Such substance was capable of removing smear layer and chelating the calcium ions similarly to 17% EDTA. Other recent researches have reported that low-concentration of peracetic acid (0.5%) Evaluation of 0.5% peracetic acid and 2.5% sodium hypochorite on smear layer removal of root canal instrumented by three rotary systems Gomes APM et al.
can be used in the disinfection of gutta-percha points [14] and in smear layer dissolution [15] .
The instruments and the instrumentation technique together with the irrigant solutions account for the cleaning and shaping of root canals, resulting in a more efficient endodontic treatment. Two decades ago, the instruments had limitations regarding to flexibility. Some researchers evaluated the use of nickel-titanium alloys for the construction of endodontic instruments which at that time were made of stainless steel [16] . Consequently, a new generation of nickel-titanium instruments appeared which allowed the development of new and promising rotary systems [17] [18] [19] .
Until now, an ideal irrigant solution aggregating all characteristics required for promoting root canal cleaning and disinfection is not available. Therefore, the search for an alternative irrigant showing antimicrobial activity and smaller irritating potential to be associated with new rotary endodontic instruments is desirable because it can enable great advancements in root canal preparation and disinfection. Sixty single-rooted human teeth, freshly extracted due to orthodontic or periodontal reasons were used. The teeth were cleaned, autoclaved and kept in deionized water until the moment of their use aiming to maintain them hydrated and to decrease the risks of cracks and fractures during biomechanical preparation. The teeth were radiographed (at labial-lingual and mesial-distal directions), selected and equally distributed among the study groups according to their similar anatomical morphologies (single root canal, without marked curvature, lack of both calcifications and internal/external root resorptions).
mAteRIAl & methoDs
The tooth crowns were removed with the aid of double-face diamond discs (Microdont Micro Usinagem de Precisão Ltd., São Paulo, Brazil) to obtain root remnants with 16±0.5 mm in length. The specimens were also standardized regarding to the foramen diameter of root canals. For this purpose, a K file instrument was inserted into the canal until its visualization in the apical foramen. It was employed roots whose foramen diameter was correspondent to size 15 to 20 K files. The roots were equally distributed among the experimental groups according to the foramen diameter.
The specimens had their apexes closed with resin composite (Z100, 3M do Brazil Ltd., Campinas, São Paulo, Brazil) to prevent the irrigant solution extravasation through the foramen during root canal preparation. The working length was determined visually by introducing a K file into root canal until its tip was seen at the apical foramen. Then, 1 mm was subtracted from that measurement.
Division of the experimental groups
The solutions of 2.5% NaOCl and 0.5% peracetic acid were prepared by a Manipulation Pharmacy (Terapêutica, São José dos Campos, SP, Brazil). The roots were divided into 6 experimental groups according to the irrigant solution used. Each group was subdivided into 3 subgroups according to the rotary system employed (Biorace, MTwo and Endowave), as seen in Chart 1.
Protocol of root canal instrumentation and irrigation
The opening of the root canals was prepared by increasing order of size #2 and #3 GatesGlidden drills (Dentsply/ Maillefer Ind. Com. Ltd., RJ, Brazil). The rotary instruments were driven by Motor X Smart (Dentsply/ Maillefer Ind. Com. Ltd., RJ, Brazil), with reduction of 16:1, speed from 280 to 350 rpm and torque of 1 to 3 N.cm, according to the manufacturer's instructions for each system at working length of 15mm. During the preparation, the instruments sequence was employed according to the manufacturer's instructions, as follows: Biorace System: #BR0, #BR1, #BR2, #BR3, #BR4, #BR5; MTwo System: #10.04, #15.05, #20.06, #25.06; Endowave System: #35.08, #30.06, #25.06.
All canals were irrigated with the aid of NaviTip needles (Ultradent, South Jordan, UT) introduced at 1mm short of working lenght (14 mm 
Preparation and analysis of the specimens for SEM
The specimens were fixed in 2.5% glutaraldehyde, buffered in 0.1M sodium cacodylate pH 7.4 for 12 h at 4 ºC. Elapsed this period, they were washed in buffered 0.2M sodium cacodylate pH 7.4 for one hour, changed three times, immersed in distilled water for one minute and then dehydrated by ascending grades of alcohol (25%, 50%, 75% for 20 minutes each; 95% for 30 min; 100% 60 min).
Then, the specimens were completely dried in filter paper for 48 hours and prepared for SEM analysis (JSM -840A Jeol, Tokyo, Japan). For this purpose, the specimens were mounted in metallic stubs with the aid of conductive carbon tape and silver glue. Their metallization was carried out by a thin gold layer (200Å) in a high-pressure evaporator (DV-502-Denton NJ). For each specimen, electronic microscope was placed at a distance of about 25 mm, and an area of 200 μm2 was irradiated with a voltage of 15V for 100 s, with an electron beam penetration of 1 μm in depth.
The cleaning of root canal walls was proved by verifying the presence or absence of the smear layer at cervical, medium and apical thirds. Areas representing each analyzed root third were selected and photographed at x500 and x2000 magnification. The images obtained at x 2000 magnification were transferred to image software (Paint for Windows) which enabled the counting of the opened and closed dentinal tubules. The data related to the opened tubules, per mm3, were submitted to statistical analysis.
Study design
This study followed a 2 x 3 factorial scheme, that is, the two study factors were the irrigant solution (two levels) and the instrumentation type (three levels). The experimental unit was the human tooth and the 60 teeth were randomly assigned regarding to the six experimental conditions or groups. The response variable was the percentage of opened dentinal tubules through SEM image analysis.
The obtained data were submitted to descriptive and inferential statistics. Descriptive statistics comprised the calculation of the means and standard deviations. Inferential statistics consisted of the application of twoway analysis of variance (ANOVA), in which the factor "thirds" was considered as repeated factor. To localize the statistical differences among groups, Tukey test was applied (5%).
Results

Descriptive statistics
Descriptive statistics about the smear layer removal according to the percentage of the total number of opened tubules verified in the images is expressed in Table 1 . Table 1 -Mean and standard deviation (SD) of the percentage (%) of opened dentinal tubules in the groups evaluated Table 3 -Mean and standard deviation (SD) of the percentage (%) of opened dentinal tubules in the groups evaluated Table 4 -Formation of groups of same performance in terms of smear layer removal, according to Tukey test (5%) for the factor "root third" * Values followed by equal letters did not show statistically significant differences (p>0.05) 
Inferential statistics
The results from two-way ANOVA for repeated measurements applied to the experimental groups comprising the instruments associated with the irrigant solutions and root thirds are seen in Table 3 . 
Variation source
Sum of squares
Degrees
Groups *R*Thirds
Two way ANOVA for repeated measures showed statistically significant differences among the root thirds (p < 0.05). Tukey test (5%) was applied to determine among which thirds these differences occurred, as seen in Table 4 . 
DIscussIon
The obtained results in Table 1 showed the greatest percentage of opened dentinal tubules in group 4 (2.5% NaOCl + Mtwo), but without statistically significant differences among groups (Table 3 ). There were statistical differences among root thirds, in which Tukey test exhibited that the apical third was statistically significant different from the cervical and medium thirds regarding to the percentage of open dentine tubules (Table 4) .
In this study, Mtwo rotary system was used in group 4 presenting the highest percentage of opened dentinal tubules. Mtwo rotary system has excellent results regarding to preparation and time amount according to some studies [17, 18, 20, 21] . In addition to keep the canal curvature, this system displays an excellent cleaning capacity [22] .
Mtwo system associated with 2.5% sodium hypochlorite behaved satisfactorily, obtaining 46.60% (in average) of opened dentinal tubules (Table 1) . On the other hand, groups 1 (Biorace + 0.5% peracetic acid) and 2 (Biorace + 2.5% NaOCl) obtained an average of 29.30% and 36.01%, respectively. These results can be explained by the fact that Biorace system has a triangular convex cross section and a narrower nucleus diameter which results in smaller debris accumulation inside root canal, enabling that the irrigation/ aspiration process is efficient in removing the smear layer produced during biomechanical preparation [23] .
Groups 5 (Endowave + 0.5% peracetic acid) and 6 (Endowave + 2.5% NaOCl) had 32.37% and 38.68% (in average) of opened dentinal tubules (Table 1) . EndoWave system has contact points alternated throughout its cutting surface but with a design that maintains these alternated points centralized, limiting the flow and reducing the torque required. The surface finishing of NiTi instrument is obtained through electropolishing, minimizing the failures and possible defects of the alloy. This results in increasing of the strength, preventing its fracture. In this present study, it could be verified that when the specimens instrumented by Biorace and Mtwo system were compared with those prepared by Endowave systems, the results were similar without statistically differences ( Table 3 ).
The mechanical cleaning seems to be insufficient to assure disinfection, which leads one to conclude that the irrigant solution must have antimicrobial properties to achieve a satisfactory biomechanical preparation [24] . In this sense, the action of sodium hypochlorite at high concentrations has been already proved [25, 26] .
According to the study of Naenni et al. [27] , none tested substance was capable of dissolving organic matters as efficient as sodium hypochlorite, including peracetic acid at 10%. The use of peracetic acid has been observed in some Dentistry areas [13] [14] [15] [28] [29] [30] [31] and especially in Endodontics, it has been employed at concentrations of 0.5% and 2% as chelating and disinfection agent of guttapercha points [13] [14] [15] .
Lottanti et al. [13] and Salvia et al. [14] reported the efficacy of 2% peracetic acid as disinfection agent of gutta-percha points and chelating agent, respectively. On the other hand, De-Deus et al. [15] searched for a less toxic concentration to be used as chelating agent and found that 0.5% peracetic acid was efficient.
As far as we are concerned, peracetic acid has not been used as irrigant solution, making difficult the comparison of our results with those of prior studies. Notwithstanding, it is known that this acid has antimicrobial capacity at low concentrations, even in the presence of organic matter [32] . According to Lottanti et al. [13] , peracetic acid can be kept within root canal after instrumentation to associate the disinfection action with that of smear layer dissolution.
In this present study, the apical third exhibited the smallest amount of opened dentinal tubules, proving to be difficult to clean by the clinical protocols used for this purpose. According to Table 4 , the apical third showed only 30.61% of opened dentinal tubules. This result is in agreement with many studies on smear layer removal, in which the apical third is the most difficult to clean [33] [34] [35] [36] .
Therefore, based on the analysis and discussion of the results, further studies are necessary to verify the use of peracetic acid as irrigant solution since its chemical, physical and biological properties have not been totally known yet.
conclusIon
According to the results obtained, it can be concluded that:
a) The removal of smear layer was similarly achieved in all groups, without statistically significant differences among the irrigant solutions and rotary systems tested;
b) The cleaning at the apical third was worse than that of the cervical and medium thirds in all groups evaluated, regardless of either the irrigant solution or the instrumentation technique; c) Neither technique nor the irrigant solution was capable of promoting the total smear layer removal from root canal walls.
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